allowed food and water ad libitum. At the end of the exverimental period (I month) the control animals receiving the iroh-deficient phenylalanine in the plasma were diet and weekly injections of iron dextran weighed on the average elevated in irondeficient rats and appeared to vary directly with approximately 15% more than the iron-deficient rats and had the degree of iron deficiency. Plasma concentrations of phenylal-eaten approximately more diet daily.
anine returned to control levels within one week after treatment Phenylalanine concentrations in the blood were determined by of the irondeficient rats with iron dextran. The elevated levels of the method of McCaman and Robins (5) . Studies of the activity plasma phenylalanine were probably produced a of phenylalanine hydroxylase in liver were performed with an in liver phenylalanine hydroxylase because levels of activity of the oxygen polarograph at 250 as follows. Rats were sacrificed by enzyme were found to be normal in the livers of the irondeficient cervical dislocation and the livers were quickly removed and animals.
weighed, and homogenized with 9 volumes of cold 0.15 M KC1 solution. The suspension was then centrifuged at 5" in a Sorvall Speculation refrigerated centrifuge for 15 min at 16,000 X g. The supernatant
The finding of increased plasma levels of phenylalanine suggests was stored in ice and as for that phenylalanine metabolism may be impaired in irondeficient activity. H20, 1.3 ml, 0.2 ml of 1 M potassium phosphate solution rats with increases in compounds formed by alternate of pH 6.8, 0.1 ml of a 0.1 M solution of dithiothreitol (DTT), 0.2 pathways of phenylalanine metabolism such as phenylpyruvic acid m1 the liver "pernatant fraction and 0.02 ml of a 75 mM which may disturb mental function.
solution of 6,7,dimethyl-5,6,7,8-tetrahydropterin were added to the chamber of the oxygen polarograph and the blank rate of oxygen uptake was determined. Assays were then begun by adPreviously, the authors have shown that activities of brain dition of 0.05 ml of a 0.1 M solution of phenylalanine. aldehyde oxidase, an important iron-containing enzyme in the DTT was obtained from Sigma Chemical Co., St. ~o u i s , MO pathway of serotonin degradation, were significantly reduced in and tetrahydropterin from Aldrich Chemical Co., Milwaukee, WI. iron-deficient rats (4) . Concomitantly, concentrations of serotonin Protein was determined by the method of Lowry et 0' . (3). and total 5-hydroxyindole compounds increased in the brain tissue Hemoglobin was determined as cyanmethemoglobin with Stanof the iron-deficient animals. Aldehyde oxidase activities and dards employed for calibration (Hycel, Inc., Houston, TX). statisconcentrations of 5-hydroxyindole compounds in brain tissue tical analyses were performed by standard methods as described returned to normal levels 1 wk after treatment of the iron-deficient by Snedecor and Cochran (8) . animals with iron dextran.
The present study was undertaken to study the effects of iron
RESULTS A N D DISCUSSION
deficiency on the metabolism of phenylalanine because phenylalanine hydroxylase, another iron-containing enzyme (I), is netThe effects of iron deficiency and treatment with iron dextran essary for the conversion of phenylalanine to tyrosine. Decreases on phenylalanine concentrations in rat plasma are shown in Table  in the tissue levels of the enzyme due to iron deficiency may lead 1. Initial values of blood phenylalanine concentrations were obto accumulation of phenylalanine and its toxic byproducts in the tained immediately before placing the animals on the low iron blood with impairment of mental function as seen in phenylke-diets. Values for plasma phenylalanine and hemoglobin concentonuria (2) .
trations were again determined after the rats had been on the diet I month (iron-deficient levels) and again 1 wk after an ip injection
MATERIALS AND METHODS
of iron dextran (treated levels), which was given each animal after the 1 month iron-deficient samples of blood were obtained. As Male Sprague-Dawley rats were obtained at 4 wk of age, I wk shown in Table I , the animals showed a marked and significant after weaning. Rats to be made iron deficient were given a low ( P c 0.001) increase in concentrations of plasma phenylalanine iron diet, prepared in our laboratory as described by ICN Nutri-when iron deficient, with some levels increasing by over 100% of tional Biochemicals, Cleveland, OH, that contained 10 mg iron/ the control values. One week after treatment with iron dextran, kg. After 1 month on this diet, the hemoglobin concentration of the levels of plasma phenylalanine in the animals had decreased those animals receiving it was determined and studies were per-to concentrations not significantly different from the initial values formed only on rats with blood hemoglobin concentrations of less ( P > 0.1). In similar studies of the two control groups, rats fed than 7 g/100 ml. Two groups of control animals were used. One either a Purina rat chow diet or the low iron diet supplemented group was fed Purina Laboratory Chow (Ralston Purina Co., Inc., with weekly ip injections of iron dextran showed no significant St. Louis, MO) containing 382 mg of iron per kg throughout the changes in plasma phenylalanine concentrations over the 5-wkexperimental period, and the other group was fed the low iron period from the initial levels. diet during the experimental period, but received weekly ip injecValues were calculated from the data in Table 1 for the percent tions of 5 mg of iron dextran (Imferon iron, kindly supplied by of increase in plasma phenylalanine concentrations produced by Lakeside Laboratories, Inc., Milwaukee, WI). All animals were iron deficiency in the animals and compared with the correspond- Because the conversion of phenylalanine to tyrosine is catalyzed by the enzyme phenylalanine hydroxylase, which contains iron as an essential component (1) and is principally located in liver and kidnev tissue in the rat (6). it was of interest to determine if conc&trations of the enzyme were decreased during states of iron deficiency. As shown in Table 2 , levels of phenylalanine hydroxylase activity did not differ significantly in the livers of iron deficient rats from levels of hydroxylase activity determined in livers of control animals (fed the iron-deficient diet, but receiving weekly injections of iron dextran) suggesting that the elevated blood phenylalanine levels reported previously in the paper were not the result of decreased phenylalanine hydroxylase activity in the livers of the animals.
EFFECTS OF IRON DEFICIENCY ON PHENYLALANINE METABOLISM
Elevated blood levels of phenylalanine have not been shown to be of themselves responsible for the severe mental disturbances seen in the genetically determined disease phenylketonuria and are generally regarded as indicators of the degree of the metabolic disturbance with changes in concentrations of products of alternate routes of phenylalanine metabolism probably producing the toxic effects seen in the disease (2) . Although the increases in blood phenylalanine levels observed in the iron-deficient rats are much less in magnitude than the increases observed in phenylketonuria, they may indicate a milder degree of disturbance of phenylalanine metabolism sufficient to produce some of the mild symptoms of impaired mental function previously described in iron-deficient animals and human subjects (7) . It is, therefore, of interest to study iron-deficient rats further to determine the cause of the increased levels of blood phenylalanine and whether such increased levels are accompanied by changes in concentrations of other compounds related to impaired phenylalanine metabolism which may disturb mental activity. 
